A sedimentological, petrographic, and geochemical study of beach, dune, and river sands was carried out along the northwestern Gulf of Mexico. The main goal of this work is to show how beach and dune sands are controlled texturally, compositionally, and chemically by the nearby rivers for each beach location using a particle size analyser, a polarized microscope, a X-ray fluorescence and ICP mass spectrometer to obtain the following: grain-size values from one river (Carrizal River) are similar in range to their counterpart beach sands but not similar to the dune sands (Barra del Tordo). Rivers (Panuco and Carrizal) are compositionally controlling the quartz and feldspar contents of their counterpart beach and dune sands (i.e., Playa Miramar and Barra del Tordo). Rivers (Soto La Marina River) are directly influencing the composition of the beach sands (La Pesca) based upon the total quartz content, beach and dune sands. The concentration of magnetite grain fractions (Barra del Tordo beach and dune sands) is not under the influence of the nearby river (Carrizal River). In this case the compositional influence of beach and dune sands is related to sediment discharges by other fluvial systems, redistribution of the beach and dune sands along the coast and deflation/winnowing of light minerals. The Eu positive anomaly in the beach and dune sands from the three sites (i.e. Playa Miramar, Barra del Tordo, La Pesca) is linked to an increase in the P(plagioclase)/K(potash feldspar) ratio. The (La/Lu) cn highest ratio for river sands (Carrizal River) suggests quartz enrichment compared to their beach and dune sands counterparts. The (Gd/Yb) cn ratio for one river (i.e., Carrizal River) indicates that it is low in heavy rare earth elements. HREE compared to their beach and dune sands counterparts indicates less concentration of heavy minerals as potential carriers of HREE seawards.
Introduction
Coastal sands (i.e., beach and dune systems) are compositionally controlled by chemical and mechanical factors such as waves, wind and long shore currents, deflation/ winnowing episodes, climate, relief, source composition, transport, and river discharges among others [1] [2] [3] [4] [5] [6] [7] [8] . A wide range of techniques is used for grain size, mineralogical and geochemical determinations to investigate the compositional characteristics of coastal and fluvial sands. Such techniques are defined by grain-size laser analysis, point counting methods, heavy mineral associations, major, trace and rare earth elements analyses [9] [10] [11] [12] [13] [14] [15] . Furthermore, these techniques are helpful to understand the
Physical Oceanography
In the southern coast of Tamaulipas, semidiurnal tides between 50 and 30 cm of amplitude occur [18] . Long shore currents are between 13 cm/s to 18 cm/s during the summer or dry season and 7.5 to 9 cm/s during the winter or wet season [19] . Long shore currents have a northwesterly direction for both seasons, which is also evidenced by the presence of sand barrier spits attached to the coast with a northwesterly orientation. Waves are of 0.6 to 1.2 m in height with periods of 6 to 8 s with a northern direction.
Climate, Precipitation, and Wind Regime
The study area is located in the warm-temperate region of the Gulf of Mexico with temperatures from 28˚C to 30˚C in summer and 14˚C to 20˚C in winter [18] . Precipitation during the dry season is 160 mm and during the wet season it is 5.6 cm, taking into account twomonth average precipitation rates belonging to both seasons. During the dry season, winds are from the north, east, northeast, and southeast with average velocities of 4 m/s, 3 m/s, 4 m/s, 1.5 m/s, respectively. During the wet season winds average velocities are of 3 m/s, 5 m/s, 4 m/s, and 3 m/s with a northern, northeastern, eastern, and southeastern direction, respectively [20] .
Materials and Methods
Approximately 200 g of sand samples were collected from the beach, dune and the three river systems close to the studied sites. The uppermost centimeter was sampled in order to ensure the homogeneity of the sand laminae [21] . Samples were taken at Playa Miramar, Barra del Tordo and La Pesca beaches, and the rivers Panuco, Carrizal, Soto La Marina during the dry (April) and wet (November) seasons ( Table 1) . A Global Positional System (GPS) was used to get the coordinates during the sampling procedure. Samples were located approximately 20 m from each other at each coastal site and taken from the inshore, foreshore, backshore at the beach and the stoss side of the dune. River sand samples were collected very close to the river mouth from south to north (Figure 1 ). Samples were dried and 1 to 2 g of sands was used for grain size analysis after storing 10 g of sample to ensure repeatability in the grain size analysis. The grain size analysis was carried out by means of a Laser Particle Size Analyzer (Model Coulter LS230) that determines the particle sizes between -1.0 and 14.6. Particle size distributions were given in m and converted into  units to calculate the grain size distribution parameters following Folk (5) . Graphic mean was calculated using Mz Table 1) . Point counting was carried out using the Indiana method [22] (200 to 300 grains) for the major compositional framework of total quartz (Q), total feldspar (F) = K-feldspar (K) + plagioclase (P) and total lithics (R) = volcanic + sedimentary + metamorphic + plutonic lithics (Rv + Rs + Rm + p), heavy minerals (HM) and biogenic (B) components (shells, algae, and corals) [23] (Table 2) . Point counts were normalized to 100% and ternary diagrams for mineralogic data were plotted using confidence limits of the mean (CLM) at 99% of confidence level around the mean population of samples. These regions were constructed using the algorithm developed [24] and converted into ellipses using the Sigma Plot Software Ver- Sand samples were dried at 110˚C and treated with lithium meta and tetraborate to make pressed powder pellets. They were analyzed using an X-ray fluorescence Siemens SRS 3000 equipment for major and trace elements (n = 60). For major and trace elements precision is valuated in terms of relative standard deviation being 1%. Trace elements were normalized using the upper continental crust values [25] .
The Rare Earth Elements (REE) analysis was carried out for thirty eight sand samples by using 0.1 g of dried sample (mesh 200) and digested with strong acid. Digestion was performed in teflon vessels using 4 ml of HClO 4 and 10 ml HF. This mixture was heated and residue was dissolved in distilled water and incorporated to a volumetric flask. Determination of REE was carried out with an ICP mass spectrometer VG Elemental model PQ 3 . Detection limits were calculated as the concentration equivalent to three times the standard deviation of five replicates of the blank solution. It was better than 200 ppt for all elements determined. Calibration of the apparatus was done with a 0.1, 1, 10 and 100 ppb multi-elemental standard solution (SPEX-High Purity) and a blank solution of de-ionized water all containing HNO 3 at 2%. Results were observed for international standards (JG-2). The validity of the analytical procedure was assessed by means of accuracy and precision tests. They were calculated by comparing measured and reference values (JA-2). All elements determined had a better than 10% relative standard deviation (RSD) precision. Data resulted for BCU-3 or in "house standard" indicated good agreement with the certified values. The rare earth elements were normalized using the chondrite values [25] .
Results

Grain Size Parameters
Playa Miramar beach, dune and river sands are coarse to fine-grained, poorly to moderately well sorted sands (Table 1). They are symmetrical with some beach samples showing fine to coarse-skewed trends platykurtic to mesokurtic (i.e. beach sands) and mesokurtic curves (i.e. dune and river sands).
Barra del Tordo beach, dune and river sands are me-dium to fine-grained, poorly to well sorted sands (i.e. some beach and river sands) with symmetrical (i.e. some beach, river and all dune sands) and coarse-skewed distributions and mostly mesokurtic curves. La Pesca beach and river sands are coarse (i.e. some beach sands) to fine-grained (i.e. all river sands) poorly to moderately sorted sands and fine to coarse-skewed trends. They show platykurtic to leptokurtic curves. The best correlations of the three sand samples are between Mz (φ) and σ (φ) at Playa Miramar, Barra del Tordo and La Pesca for the beach sands at Playa Miramar (r = −0.92) and beach and river sands at La Pesca (r = −0.95; r = −0.85, respectively) and the beach (r = 0.74) and dune sands (r = −0.95) at Barra del Tordo (Figures 2-4) . Correlations between Mz (φ) and Ski were significant at Barra del Tordo beach, dune and river sands (Figure 3(b) ) showing symmetrical curves in the dune sand samples, in exception some river and beach sands are coarse skewed. The only significant correlation between Mz and K G was at Barra del Tordo dune sands and La Pesca beach sands (Figures 3(c) and 4(c) ).
Modal Analysis
Using the Q-F-R ternary diagrams ( Figure 5 and Table 3 ) it is observed that the beach, dune and river sands of Playa Miramar (beach = Q 88 :F 3 :R 9 ; dune = Q 90 :F 2 :R 7 ; river = Q 94 :F 2 :R 4 ), Barra del Tordo (beach = Q 91 :F 3 :R 6 ; dune = Q 93 :F 3 :R 4 ; river = Q 96 :F 1 :R 3 ) and La Pesca (beach = Q 93 :F 1 :R 6 ; dune = Q 96 :F 1 :R 3 ) are quartzitic. However, it seems that there are significant differences in the composition of beach, dune and river sands between Playa Miramar and Barra del Tordo, supported by the position and size of the CLM in the Q-F-R diagram [8, 24] (Figure 5) .
Quartz grains are mostly subangular to rounded (Figures 6(a) and (c) ) in all the sand samples (beach, dune and river) and the volcanic rock fragments observed were basalts and probably andesites. Sedimentary rocks were mainly limestones, chert, sandstones and shales. Metamorphic fragments observed were probably schists. Also, plutonic lithics (i.e. granites and granodiorites) (Figure 6 (a)) were observed. Magnetite was the most abundant heavy mineral (Figure 6(b) ) in the sands and the biogenic fraction was composed of shell fragments and probably algae.
When plotting the sand samples in the Rv − Rs − Rm+p ternary diagram it is observed that La Pesca beach sands are enriched with Rv compared to the rest of the sites but the Soto La Marina River shows depletion in Rv. Beach and dune sands are enriched in Rs in Miramar and Barra del Tordo beaches. The Panuco and Carrizal River sands have a mix of Rv, Rs and Rm+p fractions (Figure 7 ). Higher dispersal of the CLM area of the river sands in the ternary diagrams compared to the beach and dune sands is due to small number of river sands and the heterogeneous supply of lithic fractions, which increases the CLM size. Heavy minerals mainly composed of magnetite grains are higher in the Barra del Tordo dune sands compared to the rest of the locations ( Table 2 ). The biogenic fraction (B) is composed mainly of shell fragments and some algae and it is high for the three sedimentary environments ( Table 2 ).
Major Provinces Based Upon Geochemical Data
The provenance discriminant function diagrams [26] ( Figure 8) shows that there are three major provinces, which influence the composition of the beach, dune and river sands: the quartzose, intermediate and felsic provinces being the Carrizal River sands placed in the intermediate igneous province, whereas the beach and dune sands from Barra del Tordo are located in the quartzose sedimentary and felsic igneous provinces. 
Trace Element Geochemistry
Average upper continental crust normalized data [25] of trace elements shows a more conspicuous concentration of Sr, Zr, Nb, Co and Cu and depletion of Th, Ba, Ni and V for the beach, dune and river sands at the three beach sites (Figures 9(a) -(c) and Table 4 
Rare Earth Elements
The results of REE analysis for the three sites are given in Table 5 the Cazones beach sands (Gulf of Mexico) but slightly away from the Northwestern Coast of Mexico beach sand samples based upon the work [10] that were used as a reference for compositional trends of the sands. In this study, most of the data overlaps and the separation between the beach, dune and river sands is not achieved. This is because the average major element values are not showing significant differences among the sand types due to their mobility.
Discussion
Textural Parameters
Negative correlations of grain size parameters in Playa Miramar (Figure 2(a) ) and La Pesca (Figure 4(a) ) beach sands between Mz (φ) and σ (φ) may be due to a large range in mean grain size values since both beach sites have a wide coastal plain allowing a deposition of terrigenous sands but also to shell fragments that disperse the grain size values. In contrast, dune sands at Barra del Tordo are under a more selective process in the grain size characteristics allowing a more limited range in the grain size values in a narrow coastal plain (Figure 3) . Correlations between Mz and σ for the three sites are negative and highly significant as it has been observed in many beach and dune sand systems [2, 7, [27] [28] [29] [30] [31] . River sands showed significant negative correlations for Mz (φ) vs. σ (φ). However their negative correlations were observed at Carrizal River near Barra del Tordo beach and dune (Figure 3(a) ) and Soto La Marina River sands near La Pesca site (Figure 4(a) ), which are probably associated with the wide range of grain sizes observed in the beaches but not the dunes in Barra del Tordo associated with the presence of coarse shell fragments near the river mouth. Positive correlations between Mz (φ) vs. Ski (φ) were significant at Barra del Tordo beach, dune and river sands (Figure 3(b) ) with symmetrical curves (i.e. mostly dune sands). However, some river and beach sands were coarse skewed indicating 1) long shore processes in a narrow coastal plain, which do not allow redistribution of fine-grained sands and 2) a narrow coastal plains close to river mouth discharging coarse sediments. The most significant correlation between Mz and K G indicate that Barra del Tordo dune sands and La Pesca beach sands are under the effect of winds and longshore currents respectively that are selective for the dune sands (i.e. Barra del Tordo) and redistributes the sediments in a wide coastal plain producing also platykurtic curves due to the presence of shell detritus (i.e. La Pesca).
Modal Analysis
The differences in mineralogic components have been observed in the Q-F-R ternary diagram ( Figure 5 ). Playa Miramar, Barra del Tordo and La Pesca beach, dune and river sands are influenced by quartz-rich sands. Quartz enrichment is controlled by the input of sedimentary rocks mainly composed of sandstones and shales. This observation is supported by the amount of sedimentary lithics composed mainly by sandstones concentrated in the sands associated with a passive margin [32, 33] . The Panuco River concentrates slightly more quartzrich sands (94%) compared to the Playa Miramar beach (88%) and as much as the same percentage as the dune sands (90%) (Figure 5(a) ). The Playa Miramar beach and dune sands tend towards the R pole, which makes also a significant difference with the composition of the Panuco River sands. This observation is also supported by the lack of overlap among the beach, dune and river sands based upon the CLM area and the R percentages among the three sand types. This suggests that Playa Miramar beach and dune sands may be partially influenced by the Panuco River input as it is discussed in the forthcoming section.
The Barra del Tordo beach sands may be also not being influenced totally by the Carrizal River discharges since the CLM does not overlap with the CLM observed for the beach sands (Figure 5(b) ). This suggests that the Carrizal Rivers is not contributing to the whole quartz fractions and probably to the F fraction to the Barra del Tordo beach sands and their concentrations may be controlled by the influence of other fluvial systems and/or redistributions of relict quartz fractions in the sands along the coast. High quartz concentrations in the river mouth may be also the part of the near shore processes and high energy that increases the quartz content in the sands.
La Pesca beach sands seem to have the similar composition as the Soto La Marina River sands since the CLM is overlapping for the beach and river sands (Figure 5(c)) . In contrast to the study [34] in this case it has been observed that not always beach and dune sands tend to be close to the composition of nearby fluvial systems.
The Rv -Rs -Rm+p ternary diagram (Figures 7(a)  and (b) ) shows that the Playa Miramar and Barra del Tordo beach and dune sands receive sedimentary and plutonic-metamorphic lithics derived from the Panuco and Carrizal Rivers since the CLM area overlaps on the three sand samples CLM region. The CLM of the Panuco and Carrizal River sands covers a larger area compared to the Miramar and Barra del Tordo sands and overlaps with the beach and dune sands CLM area suggesting that beach and dune sands may be under the influence of both rivers. Furthermore, it seems likely that Carrizal River is eroding volcanic outcrops (i.e. basalts) but the concentrations of these fractions are not reflected in the ternary diagram for the beach, dune and river sands probably due to high dispersion in the Rv − Rs − Rm+p composi- Table 4 for number of samples (n).
tional data in the river and due to less number of samples that increases the shape of the CLM area for the Carrizal River. Volcanic lithics influence is taking place at La Pesca beach sands but the Soto La Marina River sands are low in volcanic lithics content ( Table 2) , which suggests a partial contribution of the Soto La Marina River sands to the composition of the La Pesca beach sands. This is also supported by the CLM shape (Figure 7(c) ).
High HM content in the Barra del Tordo beach and dune sands is composed of magnetite grains in the finesized fractions (2.25φ − 2.30φ). Magnetite is probably derived from the sedimentary terranes exposed along the coast (i.e. shales and sandstones). The Carrizal River is depleted in HM which may suggests that magnetite grains in the beach and dune sands are probably a remnant of past fluvial discharges and/or redistribution/deflation and winnowing of sediments along the coast. This is also supported by the fact that average grain-size in the Carrizal River is 1.93φ (i.e. medium-sized fractions) and the dunes show fine sized fractions (2.22φ) (Figure 3(a) and Table  2 ) which suggests concentration of heavy minerals in the finer fractions defining the source rock [35] [36] [37] . Also, deflation/winnowing of lighter minerals due to the wind action which takes place in the beach and dune environments leaves the "heavies" in the uppermost sand cover. The river action is also incapable of disaggregate rock fragments into their monomineralic components under short distances seawards (i.e. Carrizal River). This observation is also supported by the area cover by the CLM in the rock fragments diagram for river sand samples compared to the rest of the sedimentary environments studied suggesting a prevail preservation of rock fragments in the fluvial sands and the lack of fine-sand fractions with heavy minerals (Figures 3(a) and 7) . The high content of the B fraction in the three sedimentary environments (i.e. beach, dune, river) is observed due to the presence of shell fragments. However, the high content of B in the river sands is due to the fact that samples were collected at the river mouth close to the beach ( Table 2 ).
Geochemistry
The Barra del Tordo dune sands show the highest average values of TiO 2 , Fe 2 O 3 and MgO compared to the rest of the sites ( Table 3 ). This suggests that some Barra del- tordo beach and dune sands are influenced by mafic minerals as it has been reported in beaches from the southern Gulf of Mexico in which the volcanic input comes from the TMVB (Trans Mexican Volcanic Belt; [29] ). Furthermore, it has been observed a moderate to low ratio of TiO 2 /Fe 2 O 3 in the beach (0.53 ± 0.23) and dune sands (0.58 ± 0.18) of Barra del Tordo that is related to the presence of magnetite with low TiO 2 content [38, 39] and with depletion of opaque minerals in the Carrizal River sands. Also, it is likely that the higher values of MgO observed in the Barra del Tordo beach and dune sands ( Table 6 ) compared to the rest of the sites suggests the accumulation of magnetite in the sands as MgO is a good discriminator of magnetite grains from different rock sources and indicates a recycled orogeny provenance [40, 41] . Provenance studies of sandstone formations (i.e. Karharbari, India) results agree with the recycled orogeny provenance like in the Barra del Tordo beach and dune sands associated to sandstone outcrops exposed near the coast [42] . This suggests that magnetite fractions in the Barra del Tordo beach and dune sands are probably not related to the Carrizal River sands input seawards but to another alternative fluvial sources and/or long shore processes, deflation of light minerals and Table 6 . Average major elements data (%) for the beach, dune, and river sands of the northwestern Gulf of Mexico. re-distribution of magnetite fractions along the coast.
Playa
Major Geochemical Provinces
The provenance discriminant function diagrams [26] (Figures 8(a)-(c) ) shows that the Carrizal River sand composition is placed in the intermediate igneous province, whereas their beach and dune counterparts are placed mainly in the quartzose sedimentary province probably due to recycled episodes in the sands that do not reflect the real source rock that influences the composition of the beach and dune sands (Figure 8(b) ). Discriminant coefficients show that TiO 2 (−1.773), MgO (−1.500), Fe 2 O 3 (0.760) and K 2 O (−1.224) are the elements that control the separation of the Carrizal River sands from the Barra del Tordo beach and dune sands. This indicates that the Carrizal River sands excerts little compositional control in the Barra del Tordo beach and dune sands associated with the presence/depletion of magnetite. Also, the Carrizal River sands placed in the intermediate igneous province is related more to the low K 2 O content in the river sands compared to the Barra del Tordo beach and dune sands rather than the main source rock controlling the composition of the sands. These geochemical results support the petrographic analysis based upon the Q-F-R and Rv − Rs − Rm+p ternary diagrams (Figures 5  and 7) , respectively.
Trace Element Signatures
Upper continental crust (UCC) normalized trace elements show that the trends for Playa Miramar, Barra del Tordo and La Pesca sites are similar with the exception of some samples containing higher concentration of Sr in the Carrizal River at Barra del Tordo compared to the rest of the sites (Figure 9(a) ). This high concentration of Sr in the Carrizal River sands is associated with the depletion of Ba, which co-exists in many types of sediment and indicates the low content of K feldspars in the sands [43] . This observation is also supported by the low average values of potash feldspar (Fk), K 2 O and Ba in the Carrizal River sands. The P/K ratio for the Carrizal River and Barra del Tordo dune sands are 1.80 (±2.27) and 1.88 (±2.84), respectively that are related to the "peak" of Sr content in both sands.
The high concentration of Zr for the three beach and dune sites suggest the presence of heavy minerals like zircon probably derived from sandstones well exposed along the coast and from granitic rocks [11, 44] (Figure  6(c) ). However, the Panuco, Carrizal and Soto La Marina River sands have less concentration of Zr, which suggests that river sands are not contributing to the presence of Zr in the beach and dune sands at Barra del Tordo. However, since zircon is present as a free fraction in finer grain sizes i.e. ~3.25φ -4.0φ [45] than those observed for the present study, it is likely that Zr is present as part of the petrologic framework of the sediments probably included in sandstones and/or plutonic rock fragments in the beach and dune sands [46] . However, some free zircon crystals were observed at Barra del Tordo beach sands suggesting disaggregation of rock fragments into their monomineralic components like zircon ( Figure  6(c) ).
The high concentrations of UCC normalized Y and Nb for the beach, dune and river sands at Playa Miramar and La Pesca sites (Figure 9(a) ) can be attributed to the enrichment in the light REE relative to heavy REE but also indicate the contribution of sands from felsic sources, especially in the Panuco and Soto la Marina Rivers [47] . Also, the Panuco and Soto La Marina River sands exhibit the highest K 2 O concentrations (Table 6) , which makes the Nb values increase [48] . However, the enrichment of Y and Nb contents in the Soto La Marina River sands is due to the combination of the increase in the LREE concentration and/or the high amount of quartz in the sands, which is supported by the quartz percentage (96%) and the K 2 O content in the river sands ( Table 6) .
High Co concentrations in the beach, dune and river sands may be due the presence of some basaltic rock fragments and/or sedimentary lithics especially shales that contain Co (~17 -19 ppm) [49, 50] . The depletion of Cr in the Playa Miramar and La Pesca sites is probably associated with the low concentration of heavy minerals [51] .
Cr and Ni are only highly correlated for the Miramar dune sands (r = 0.82) with an average Cr/Ni ratio of 1.79 (Std dev = 3.42). The Cr/Ni ratio value are comparable to those observed for grey shales (~1. 16 -5.16 ) and it is indicative of felsic sources [52] . In contrast, high concentrations of Cr in the Barra del Tordo beach and dune sands with low correlation coefficient values (r = 0.49; r = −0.17, respectively) suggest the presence of more intermediate to mafic bearing minerals like magnetite and Cr content associated with impurities in the magnetite crystals. The Carrizal River sands shows the lowest concentration of Cr values compared to other sites including Barra del Tordo beach and dune sands, which is probably a consequence of the depletion of magnetite grain in the sands [51] .
Depletion of Th, Ba, Ni and V in the sands of the three sites is related to felsic sources as indicated by the Th/Co and Th/Cr ratios with some andesitic fractions present as part of the compositional framework of Barra del Tordo and La Pesca beach and dune sands [53, 54] (Table 5 ).
Rare Earth Elements Trend
The REE patterns of the beach, dune and river sands show a slight depletion of HREE compared to the LREE concentrations suggesting a mixing of felsic and intermediate sources in the composition of the beach and dune sands for the three sites as it is also observed by the Eu positive anomaly [9, 55, 56] . The Panuco and Carrizal Rivers show lower concentrations of REE compared to the Playa Miramar and Barra del Tordo beach and dune sands ( Table 4) . The Soto La Marina shows higher REE concentration compared to the La Pesca beach sands. Rivers in general seem to be controlling just in part the REE geochemical signals of the beach and dune sands from the three sites. This can be clearly observed in the Carrizal River sands that are depleted in REE compared to the Barra del Tordo beach and dune sands ( Table 4) , suggesting a fractionation process during the fluvial sand transport seawards that diminishes the concentration of potential REE carriers (i.e. hornblende, sphene, titano-magnetite) [57] . Fractionation of heavy minerals controls the high and/or low concentration of REE during transport, mechanical abrasion of the heavy minerals and chemical weathering [9, 33] .
It is also observed that the beach, dune and river sands from the three sites have a Eu positive anomaly ( Table 5) that is related to P/K ratios between 0.35 and 2.13 that increases the Eu positive anomaly (Figure 6(d) ; Table 2 ). It is likely that the Eu positive anomaly for the three sites are linked to the presence of intermediate rocks like granodiorites and andesites that contain plagioclase as monomineralic components that are not disgregated during the transport [46] (Figure 1) [58] for the three sites between 52 and 63 keeping "unaltered" sands under a long time despite the humid conditions. In some areas like Papua New Guinea deltas remain chemically unaltered despite the humid conditions and deltaderived sediments reach the coast without high rates of weathering [59] . Also the Eu positive anomalies have been observed in weathered minerals (i.e. magnetite) forming goethite in oxidizing conditions in marshes [60] although this statement can only be supported partially with the presence of magnetite as an accessory heavy mineral in the beach and dune sands at Barra del Tordo.
The (La/Lu) cn ratio for the whole sands ranges from 6.86 to 9.83, which are similar to the values observed for the quartz rich felsic beach sands (La cn /Lu cn = 7.87 ± 1.56); n = 16 [10] and quartz arenites [61] . However, the Panuco and Carrizal River sands have the highest (La/Lu) cn ratio ( Table 5) , indicating the quartz enrichment in the river sands compare to their beach and dune sands counterparts.
The (Gd/Yb) cn ratio is >2 for the the Carrizal River sands suggests that river sands are depleted in HREE concentrations compared to their beach and dune sands counterparts suggesting less input of heavy minerals as potential carriers of HREE seawards and volcanic sources influencing its composition [37, 62] .
SiO 2 /Al 2 O 3 versus K 2 O/Na 2 O Plot
The Cazones beach sands seem to be chemically related to the sands of this study suggesting the possible felsic and andesitic source rocks controlling their composition. In the case of the Northwestern Coast beach sands it seems that their composition is more due to the granite sources rather than a mix of felsic and intermediate source like the sands of this study. The average SiO 2 /Al 2 O 3 ratios for the beach, dune and river sands at the three sites (~16.2 to 22.3) show that the sands have experienced textural maturity and depletion of phyllosilicates [16, 37] .
Conclusions
1) A large range of grain-sizes was observed for the Playa Miramar and La Pesca beach sands since both sites had a wide coastal plain allowing the deposition of terrigenous sands but also to shell fragments that spread the range of the grain size values. Grain size characteristics of the dune sands at Barra del Tordo are controlled by selective processes limiting the range in the grain size values in a narrow coastal plain. The most conspicuous grain size characteristics (Mz (φ) and σ (φ)) come from the Carrizal River sands, where sands are similar in the range to their counterpart beach sands but not to the dune sands.
2) The Panuco and Carrizal Rivers are compositionally controlling in part of the petrographic framework of quartz and feldspar contents of the Playa Miramar and Barra del Tordo beach and dune sands. The compositional control of beach and dune sands is due to the influence of other fluvial systems and/or redistributions of quartz fractions in the sands along the coast caused by long shore currents and other coastal processes like deflation/winnowing and reworking of the beach and dune sands. The Soto La Marina River is directly influencing the composition of La Pesca beach sands. However, the Soto La Marina is partially influencing the content of volcanic lithics at La Pesca beach sands.
3) The Carrizal River sands are depleted in magnetite grain fractions, whereas Barra del Tordo beach and dune sands show concentrations of magnetite especially in the dune sands due to differences in grain sizes between the beach-dune and river sands, deflation of light minerals in the beach and dune sands and little disaggregation of rock fragments by fluvial action. This contrast in composition is also supported by the higher average values of TiO 2 , Fe 2 O 3 and MgO in the Barra del Tordo beach and dune sands compared to the Carrizal River sands, indicating that magnetite has been concentrated by other sources and/or alternative coastal processes (i.e. deflation, winnowing). Furthermore, the Carrizal River sands is lower in Cr values compared to the Barra del Tordo beach and dune sands that is related to the depletion of ilmenite and magnetite in the Carrizal River sands. Similarly, the Carrizal River sands is placed in the intermediate igneous province, which reveals lower TiO 2 , Fe 2 O 3 MgO and K 2 O contents in the river sands (i.e. discriminant analysis coefficients) than in the Barra del Tordo beach and dune sands. This observation indicates that the Carrizal River has little influence in the composition of the Barra del Tordo beach and river sands.
4) The Eu positive anomaly in the beach and dune sands from the three sites is linked to an increase in the P/K ratio. However, in terms of provenance it is likely that the beach and dune sands are derived from felsic to intermediate rocks. Moreover, it is likely that the Eu positive anomaly is related to the low weathering nature of the sands in a humid climate associated with the presence of marshes. In the Carrizal River sands, the highest (La/Lu) cn ratio suggests that quartz enrichment in the river sands compared to their beach and dune sands counterparts. Additionally, the (Gd/Yb) cn ratio >2 for the Carrizal River sands suggests that river sands are low in HREE concentrations compared to their beach and dune sands counterparts indicating less concentration of heavy minerals as potential carriers of HREE seawards.
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